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ABSTRACT
We present a new deep determination of the spectroscopic LF within the virial radius
of the nearby and massive Abell 85 (A85) cluster down to the dwarf regime (M* + 6)
using VLT/VIMOS spectra for ∼ 2000 galaxies with mr 6 21 mag and 〈µe,r〉 6 24
mag arcsec−2. The resulting LF from 438 cluster members is best modelled by a double
Schechter function due to the presence of a statistically significant upturn at the faint-
end. The amplitude of this upturn (αf = −1.58
+0.19
−0.15), however, is much smaller than
that of the SDSS composite photometric cluster LF by Popesso et al. (2006), αf ∼ -2.
The faint-end slope of the LF in A85 is consistent, within the uncertainties, with that
of the field. The red galaxy population dominates the LF at low luminosities, and is
the main responsible for the upturn. The fact that the slopes of the spectroscopic LFs
in the field and in a cluster as massive as A85 are similar suggests that the cluster
environment does not play a major role in determining the abundance of low-mass
galaxies.
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1 INTRODUCTION
The galaxy luminosity function (hereafter, LF) represents
the number density of galaxies of a given luminosity. It is a
robust observable, extensively used in the past, to study the
properties of galaxy populations (e.g. Blanton et al. 2003,
and references therein). The comparison between the be-
haviour of the LF and the halo mass function at faint mag-
nitudes has been proposed as a crucial test to understand
galaxy formation processes. Indeed, the cold dark matter
theory predicts halo mass functions with a slope of ∼ −1.9
(e.g. Springel et al. 2008, and reference therein), steeper
than the one observed in deep LFs of nearby galaxy clus-
ters, or in the field (∼ −1.1 : −1.5 Trentham & Tully 2002;
De Propris et al. 2003; Blanton et al. 2005). This is the so-
called missing satellite problem, well reported in censuses of
galaxies around the Milky Way and M31 (e.g. Klypin et al.
1999). Attempts to solve these discrepancies invoke several
physical mechanisms that halt the star formation and darken
or destroy dwarf galaxies, including high gas cooling times
(White & Rees 1978), and suppression of low-mass galaxies
due to a combination of feedback, photoionization or/and
dynamical processes (Benson et al. 2002, 2003; Brooks et al.
2013).
Claims of the environmental dependence of the LF
are numerous (e.g. Tully et al. 2002; Trentham & Hodgkin
2002; Trentham et al. 2005; Infante et al. 2003), but the
exact shape and significance of this dependence is still a
matter of debate. Many previous studies suggest that the
most striking differences between low-density and high-
density environments concern the faint-end slope of the LF,
with cluster galaxies showing a higher abundance of low-
luminosity galaxies than the field (e.g. Blanton et al. 2005;
Popesso et al. 2006, and references therein). This has impor-
tant implications, as it suggests that, whatever the mecha-
nisms preventing the formation of galaxies within low-mass
satellites are, they depend on the host halo mass. Tully et al.
(2002) suggest that perhaps reionization inhibited the col-
lapse of gas in late-forming dwarfs in low-density environ-
ments, whereas a larger fraction of low-mass haloes formed
before the photoinization of the intergalactic medium in
overdensities that ultimately become clusters. Interestingly,
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this mechanism could be at the heart of the discrepan-
cies existing in the literature about the faint-end of the
LF in clusters. While some authors observe a marked up-
turn at faint magnitudes (Yagi et al. 2002; Popesso et al.
2006; Barkhouse et al. 2007), others find a more regular
behaviour (e.g. Sa´nchez-Janssen et al. 2005; Andreon et al.
2006). When observed, this upturn is usually due to early-
type dwarfs located in the outer regions of clusters, suggest-
ing that cluster-related mechanisms may be responsible for
the paucity of dwarfs observed in the denser inner regions
(Pfeffer & Baumgardt 2013). Moreover, the slopes derived
in the upturn region are rather steep, as much as to be
fully consistent with that of the halo mass function. Un-
fortunately, there is no evidence for the existence of such a
dramatic steeping in the few cluster LFs where spectroscopic
or visual membership has been determined (Hilker et al.
2003; Rines et al. 2003; Mieske et al. 2007; Misgeld et al.
2008, 2009). More extensive spectroscopic cluster surveys
are needed to derive robust results on the faint-end slope of
the LF, and in this way put constraints on the role played
by the environment on the formation of baryonic structures
within low-mass dark matter halos.
We have undertaken a project in order to obtain spec-
troscopy of galaxies in nearby clusters down to the dwarf
regime (M > M∗ + 6). This dataset will allow us to in-
fer accurate cluster membership and analyze several prop-
erties of the dwarf galaxy population in nearby clusters,
minimizing the contribution of background sources. In the
present work, we present a study of the spectroscopic LF of
(A85), a nearby (z = 0.055) and massive cluster (M200 =
2.5 × 1014 M⊙, and R200 = 1.02 h
−1Mpc Rines & Diaferio
2006). This cluster is not completely virialized, since sev-
eral substructures and infalling groups have been identi-
fied (Durret et al. 1999; Aguerri & Sa´nchez-Janssen 2010;
Cava et al. 2010). A85 is an ideal target for a deep study
of the LF, as spectroscopy within the virial radius is almost
complete down to mr ∼ 18, resulting in 273 confirmed mem-
bers (Aguerri et al. 2007). The new dataset presented here
reaches three mag fainter, and almost doubles the number
cluster members.
Throughout this work we have used the cosmological
parameters H0 = 75 kms
−1Mpc−1, Ωm = 0.3 and ΩΛ = 0.7.
2 THE OBSERVATIONAL DATA ON A85
2.1 Deep VLT/VIMOS Spectroscopy
Our parent photometric catalogue contains all galax-
ies brighter than mr = 22 mag
1 from the SDSS-DR6
(Adelman-McCarthy et al. 2008), and within R200
2. Fig-
ure 1 shows the colour-magnitude diagram of A85 for the
galaxies included in this catalogue. The target galaxies for
our spectroscopic observations were selected among those
1 The apparent magnitudes used are the dered SDSS-DR6 r-band
magnitudes.
2 The cluster center is assumed to be at the brightest
cluster galaxy (BCG, α(J2000): 00h 41m 50.448s δ(J2000):
−9◦ 18′ 11.45′′). This is a sensible assumption because the peak
of X-ray emission lies at only 7 kpc from the BCG (Popesso et al.
2004).
with no existing redshift in the literature and bluer that
g − r = 1.0 (see Fig. 1). This is the colour of a 12 Gyr old
stellar population with [Fe/H] = +0.25 supersolar metal-
licity (Worthey 1994), typical of very luminous early-type
galaxies. As a result, this colour selection should minimize
the contamination by background sources, while matching
at the same time the colour distribution of galaxies in the
nearby Universe (e.g. Hogg et al. 2004).
The observations were carried out using the multi-
object-spectroscopy (MOS) mode of VLT/VIMOS, in com-
bination with the LR-blue+OS-blue grisms and filters (Pro-
gram 083.A-0962(B), PI R. Sa´nchez-Janssen). To maximize
the number of targets, and avoid the gaps between the in-
strument CCDs, we designed 25 masks with large overlaps
covering an area of 3.0 × 2.6 Mpc2 around the central galaxy
in A85 – i.e. extending out to more than 1R200. This obser-
vational strategy allowed us to obtain 2861 low-resolution
spectra (R=180) of galaxies down to mr = 22 mag. We
exposed during 1000 s to reach a signal-to-noise (S/N) in
the range 6− 10 down to the limiting magnitude. The data
were reduced using GASGANO and the provided pipeline
(Izzo et al. 2004). The spectra were wavelength calibrated
using the HeNe lamp, which yield a wavelength accuracy of
∼ 0.5 A˚ pixel−1 in the full spectral range (3700 − 6700 A˚).
2.2 Redshift Determination and Cluster
Membership
The recessional velocity of the observed galaxies were deter-
mined using the rvsao.xcsao IRAF task (Kurtz et al. 1992).
This task cross correlates a template spectrum (in this work
Kennicutt 1992) with the observed galaxy spectrum. This
technique allowed us to determine the recessional velocity
in 2070 spectra. The remaining spectra had too low S/N to
estimate reliable redshifts. xcsao formal errors are smaller
than true intrinsic errors (e.g. Bardelli et al. 1994), and reli-
able errors can only be estimated by observing galaxies more
than once. Our observational strategy allowed us to obtain
676 repeated spectra result in a one-sigma velocity uncer-
tainty of ∼ 500 km s−1. The redshifts from the literature
(SDSS-DR6 and NED catalogues), together with our new
data, result in a total number of 1593 galaxy velocities in
the A85 direction within R200 and 14 < mr < 22.
The caustic method (Diaferio & Geller 1997; Diaferio
1999; Serra et al. 2011) estimates the escape velocity and
the mass profile of galaxy clusters in both their virial and
infall regions, where the assumption of dynamical equilib-
rium does not necessarily hold. A by-product of the caustic
technique is the identification of the members of the cluster
with an interloper contamination of only 2% within R200,
on average (Serra & Diaferio 2013). The application of the
caustic technique to our spectroscopic catalogue resulted in
a sample of 434 cluster members within R200, 284 of which
are new data.
We define the completeness of our data as C =
Nz/Nphot, with Nz being the number of measured redshift
and Nphot the number of photometric targets. Figure 1
shows that C is higher than 90 % for galaxies with Mr < −19
and it decreases around 40% at Mr ∼ −16. We also defined
the member fraction as fm = Nm/Nz, being Nm the number
of members. The member fraction also strongly depends on
luminosity. Thus, fm is higher than 80 % down to Mr < −19
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Figure 1. Lower panel: colour-magnitude diagram of the galax-
ies in the direction of A85. Grey points are the target galaxies.
Red and blue symbols show red and blue cluster members, respec-
tively. The solid line represents the red sequence of the cluster.
Upper panel: spectroscopic completeness (C, diamonds) and clus-
ter member function (fm, black triangles) as a function of r-band
magnitude. The dashed vertical line represents our limit magni-
tude for the spectroscopic LF.
and then rapidly decreases down to ∼ 20 % at Mr = −16
(see Fig. 1).
3 THE SPECTROSCOPIC LF OF A85
The A85 LF is computed using all cluster members with
mr 6 21 mag and 〈µe,r〉 6 24 mag arcsec
−2. These limits
correspond to the values where the galaxy counts stop in-
creasing, and thus determine our completeness limits. We
note that our uniform spectroscopic selection function (cf.
Sect. 2.1) does not introduce any bias in magnitude, 〈µe,r〉,
or colour.
Figure 2 shows the r-band spectroscopic LF of A85. It is
computed as φ(Mr) = Nphot(Mr)×fm(Mr)/(0.5×A), where
A is the observed area and 0.5 is the magnitude bin. The
Pearson test shows that the observed LF cannot be modelled
by a single Schechter at 99% confidence level, due to the
presence of a statistically significant upturn at Mr > −18
(see Fig. 2). The observed LF is better parameterized using
two Schechter functions. Because of the degeneracy in fitting
a double Schechter profile, we followed a two-steps process
(see Barkhouse et al. 2007). First, we fitted the bright part
(b : −22.5 < Mr < −19.0) of the LF obtaining M
∗
b and αb.
Then, these parameters were fixed when a double Schechter
fit was performed to the total LF. Table 1 shows the M∗r and
α values of the faint (f : −19.0 < Mr < −16.0) and bright
parts of the best-fit LF.
In order to better understand the nature of the galax-
ies responsible for the upturn at the faint end of the LF,
we classified galaxies in blue and red ones according to
their (g − r) colours. Thus, blue galaxies are those with
(g − r) < (g − r)RS − 3σ and red ones are the remain-
ing cluster members; where (g − r)RS is the colour of the
Figure 2. Black points are the observed spectroscopic LF of A85.
The solid blue line shows the fit of the LF by a double Schechter.
The bright (b) and faint (f) components of the fit are represented
by a dashed and dotted lines, respectively. The 68% and 99% c.l.
for the fitted parameters are shown in the insets.
Table 1. Schechter Function Parameters.
mag interval M∗r [mag] α
-22.5 < Mr < -19.0 −20.85
+0.14
−0.14 −0.79
+0.08
−0.09
-19.0 < Mr < -16.0 −18.36
+0.41
−0.40
−1.58 +0.19
−0.15
red
-22.5 < Mr < -19.0 −20.71
+0.13
−0.15
−0.63 +0.09
−0.08
-19.0 < Mr < -16.0 −17.90
+0.35
−0.19 −1.46
+0.18
−0.17
blue
-22.5 < Mr < -16.0 −21.29
+0.36
−0.44 −1.43
+0.06
−0.05
red sequence of A85, and σRS represents its dispersion
3 (see
Fig. 1). Figure 3 shows the spectroscopic LF of the blue
and red populations of A85. Naturally, red galaxies com-
pletely dominate in number. The red LF departs from the
single Schechter shape, showing the characteristic flattening
at intermediate luminosities followed by a (mild) upturn at
the faint end. The blue LF, however, is well fitted by a sin-
gle Schechter function. This is in qualitative agreement with
previous work (e.g. Popesso et al. 2006, P06 hereafter). Nev-
ertheless, it is remarkable that the faint-end slopes of both
the red and blue populations are virtually identical (see Ta-
ble 1).
4 DISCUSSION
In Fig.3 we additionally show the LFs of blue and red field
populations from Blanton et al. (2005) 4. Their field LF is
3 The red sequence of the cluster and its dispersion were mea-
sured in the magnitude range −22.5 < Mr < −19.0.
4 Throughout this work, all the literature LFs are normalized so
that they have the same number of counts as our A85 LF in the
magnitude range −22 < Mr < −19.
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Figure 3. The spectroscopic LF of A85 (black points), blue and
red diamonds show the LF of blue and red galaxies of A85. The
full lines correspond to the Schecter function fits. The histograms
are the LF of field red and blue galaxies (Blanton et al. 2005).
best described by a double Schechter function with faint-end
slope -1.5.
Figure 4 shows the comparison between our LF and
other cluster and field LFs from the literature. We com-
pare with the LF of the Virgo and Abell 2199 clusters
(Rines & Geller 2008) because they are the two deepest
spectroscopic LFs of nearby clusters covering a significant
fraction of their respective virial radii (out to ∼ 0.7R200,
very similar to our coverage). In addition, we include the
LF from P06 because it is a photometric LF obtained by
stacking a large sample of 69 clusters, and it exhibits the
most statistically meaningful example of an upturn. Finally,
we compare with the field LF from Blanton et al. (2005).
We note that all LFs in Fig.4 have been derived using SDSS
photometry. The very steep upturn present by the stacked
photometric LF (α ∼ −2.2) is not observed in any of the
nearby clusters. While A85 shows a slightly steeper slope
than Virgo and A2199, it is not nearly as steep as the pho-
tometric LF.
The discrepancy between the LF of A85 and the com-
posite cluster LF from P06 can be traced back to the
different methodologies applied to derive them. First, we
introduced a stringent colour cut in the selection of our
spectroscopic targets (see Sect.2.1). Second, our spectro-
scopic LF is based on accurate cluster membership using
the galaxy recessional velocity, while photometric LFs nec-
essarily rely on a statistical background subtraction. The
open circles in Fig. 4 show the photometric LF of A85, de-
rived from the number counts of candidate cluster galaxies
with (g − r) < 1.0, and after performing a statistical back-
ground subtraction using galaxies (with the same colour cut)
from 50 SDSS random fields of the same area as our A85
survey. It is clear that the photometric LF of A85 closely
matches the spectroscopic LF, except for a steeper faint-
end slope, which moves towards the P06 value. We quantify
this difference by fitting a power law function to these LFs
in the −18 6 Mr 6 −16 magnitude range. We prefer this
simple approach to minimize the degeneracies present when
fitting a double Schechter function (see Sect.3). We derive
power-law faint-end slopes αf = −1.5,−1.8, and −2.1 for
Figure 4. Comparison between our LF and others present in
literature: the stacked photometric LF of 69 clusters from Popesso
et al. (2006), the spectroscopic LFs of A2199 and Virgo from
Rines & Geller (2008), and the field galaxy LF from Blanton et
al. (2005). The photometric LF of A85 is also shown with open
circles.
the spectroscopic LF of A85, the photometric LF of A85,
and the stacked photometric LF from P06, respectively. We
note that cosmic variance of the cluster LF, or any mass
dependence, can not explain the discrepancy between the
composite cluster LF and that of A85. P06 show that 90
per cent of their nearby cluster sample have individual LFs
consistent with the composite one shown in Fig.4. Moreover,
the photometric LF for A85 itself from P06 is totally consis-
tent with having a very steep faint end (see their Figure 5).
This all suggests that the composite photometric LF from
P06 suffers from contamination at the faint end, resulting in
much steeper slopes than what is found using spectroscopic
data.
The field spectroscopic LF presented by (Blanton et al.
2005) shows an upturn and a faint-end slope (α = −1.5)
similar to the one of A85. Contrary to some claims from
photometrically derived cluster LFs, Fig. 4 shows that the
faint-end slope in A85 and the field are consistent with each
other – i.e. clusters of these masses do not seem to contain a
significant excess of dwarf galaxies with respect to the field.
This, in turn, suggests that the environment may not play a
major role in determining the abundance of low-mass galax-
ies (cf. Tully et al. 2002), but only acts to modify their star
formation activity. While the overall abundance of dwarfs in
the field and in clusters like A85 is the same, blue dwarfs
dominate in the former environments, and red dwarfs in the
latter.
Environmental processes involving the loss of the galaxy
gas reservoirs (e.g. Quilis et al. 2000; Bekki et al. 2002),
followed by the subsequent halt of the star formation,
and the reddening of their stellar populations are the ob-
vious mechanisms invoked to explain the colour trans-
formation of cluster dwarfs. It is however not yet clear
whether the efficiency of these processes depends on the
halo mass or not. Lisker et al. (2013) propose that qui-
escent cluster dwarfs originate as the result of early (see
also Sa´nchez-Janssen & Aguerri 2012) and prolonged envi-
ronmental influence in both group- and cluster-size haloes.
c© 2002 RAS, MNRAS 000, 1–??
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Along these lines, Wetzel et al. (2013) find that group pre-
processing is responsible for up to half of the quenched satel-
lite population in massive clusters. On the other hand, P06
suggest that the excess of red dwarfs in clusters is a threshold
process that occurs within the cluster virial radius (see also
Sa´nchez-Janssen et al. 2008), but their exact abundance is
nevertheless a function of clustercentric radius: the upturn
becomes steeper as the distance from the centre increases.
Our dataset calls for a study of the LF as a function of ra-
dial distance from the cluster centre, and an investigation of
the properties of A85 dwarfs in substructures and infalling
groups. This will be the subject of future papers in this se-
ries.
5 CONCLUSIONS
We obtained 2861 low resolution spectra for galaxies down
to mr = 22 mag within the virial radius of the nearby
(z = 0.055) galaxy cluster A85. This unique dataset allowed
us to identify 438 galaxy cluster members, and build the
spectroscopic LF of A85 down to M* + 6. The resulting LF
is best modelled by a double Schechter function due to the
presence of a statistically significant upturn at the faint-end.
The amplitude of this upturn (α = −1.58+0.19
−0.15), however, is
much smaller than that of most photometric cluster LFs
previously reported in the literature. The faint-end slope of
the LF in A85 is consistent, within the uncertainties, with
that of the field. We investigate the nature of the galaxy
population dominating the faint end of the LF of A85 by di-
viding the galaxies according to their (g−r) colour. The red
population dominates at low luminosities, and is the main
responsible for the upturn. This is different from the field
LF: while a relatively steep upturn is also present in the red
population, blue galaxies are the prevalent population. The
fact that the slopes of the spectroscopic LFs in the field and
in a cluster as massive as A85 are similar suggests that the
cluster environment does not play a major role in determin-
ing the abundance of low-mass galaxies, but it does influence
the star formation history of dwarfs.
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